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Abstract 
Energy and water are inextricably linked. The limited endowments, uneven spatial distribution, and low 
utilization efficiency of energy and water pose great challenges to China’s sustainable development. In 
this paper, a partial equilibrium model (China TIMES-Water) was developed to integrate Chinese water 
system and energy system, to project the future water demand, and to evaluate the impacts of water 
constraints on the water demand and generation portfolio of power sector out to the year 2050. We find 
that without any further water or energy policies, China’s water demand will increase from 602 billion m3 
in 2010 to 688 billion m3 in 2030, and then decrease to 650 billion m3 in 2050. We also find that water fee 
has limit impact in the short-term, while significant impact in the long-run of power sector, in terms of the 
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1. Introduction  
Energy and water are two main bases for human life and social development. China is currently facing 
a series of energy and water issues, such as limited resource endowments, uneven spatial distribution, low 
utilization efficiency, air pollution and water pollution, etc. The energy and water issues have restricted 
the improvement of living standard and the development of social economy. In recent years, to ease the 
pressure on energy and water pressures, Chinese government has set a list of binding targets on energy 
and water use, and proposed a series of “energy saving and emission reduction” and “water saving and 
pollution controlling” measures [1-4]. 
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Energy and water are inextricably linked. On the one hand, water is used in the whole chain of fuel 
production and power generation, such as coal mining, oil extraction, coal liquefaction, power generation, 
and exhaust gas treatment. On the other hand, energy is also used in the whole chain of water extraction 
and consumption, such as water exploitation, water desalination, and waste water treatment. The 
significant connection between energy and water has called for an integration of water system and energy 
system for the rational development and utilization of energy and water resource [5-6]. 
In this paper, a partial equilibrium model (China TIMES-Water) was developed to integrate China’s 
energy system and water system, to project the future water demand, and to evaluate the impacts of water 
fee on water demand and generation portfolio of power sector.  
2. Methodology 
The Integrated MARKAL-EFOM System (TIMES) is an energy/economic/environmental tool 
developed for ETSAP (Energy Technology System Analysis Program). It is widely used to evaluate the 
long-term consequences of energy and environment policies in local, national or multi-regional energy 
systems over a multi-period time horizon. In this study, the China TIMES-Water model was developed by 
Tsinghua University based on China MARKAL [7-9] and China TIMES [10-11], which provides a 
technology-rich basis for estimating China’s energy system and associated water use from 2010-2050.  
2.1. Model framework 
Figure 1 illustrates the linkage between China’s energy system and water system. In the energy module, 
the China’s energy system is characterized in terms of the supply sector (fuel mining, primary and 
secondary production, import and export), energy conversion (including heat and power generation, oil 
refinery, coal liquefaction. coal gasification and etc.), and the end-use sectors (industry, residential, 
commercial, transport, agriculture, and water system related energy demand). In the water module, the 
supply side include the conventional water (surface water and ground water) and nonconventional water 
(saline water and waste water); the demand side include the agriculture sector, industry sector, residential 
sector, ecological water, and energy related water demand. The energy related water demand (fuel 
production and power generation) are endogenous determined by the optimization model, while other 
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Figure 1 Representation of the energy module and water module in TIMES-Water model 
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2.2. Model mechanism 
The objective function is optimized by the China TIMES-Water model. It is expressed as the total 
discounted cost of the integrated system over the modeling horizon, which is the combination of five 
types of costs: 
2010
2010
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 (1) 
where r is the discount rate (%); Tech cost include the technological investments, fixed O&M costs, and 
the variable activity costs; Salvage is the residual monetary value of all the investments remaining at the 
end of the planning period; Imp cost is the costs of imported energy, Exp revenue is the revenues of 
exported energy; and Water fees are paid if the model user specifies a cost per unit of water. 
2.3. Basic assumptions 
The basic assumptions are as follows: with the consideration of “selective two-child policy”, the 
China’s population will reach a peak in 2030, about 1.45 billion, and the urbanization rate will be about 
62.5%; then the population will steadily decrease to 1.40 billion in 2050, and the urbanization rate will be 
75.0%. The average annual GDP growth rates are assumed to increase by 7.5%, 6.0%, 4.5%, and 3.5% 
during the period 2010-2020, 2020-2030, 2030-2040, and 2040-2050 [10-11]. 
2.4. Scenario definition  
Three scenarios were developed and investigated in this paper. The three scenarios include a Reference 
scenario (RES) and two water fee (WF) scenarios. 
Under the RES scenario, we considered the national energy and water development planning 
objectives, such as the 12th Five Year Plan (FYP), the Energy Development FYP, the Renewable Energy 
Development FYP, and the Water Resources Development Plan.  
Under the water fee scenarios, the water fee is modeled as an additional cost of 0.5$/m3 in WF1 
scenario and 1.0$/m3 in WF2 scenario, and be held constant throughout time. Other assumptions remain 
the same as the RES scenario. The purpose of water fee scenarios is to investigate the effects of water fee 
on generation technology mix and sectoral water demand, which may help to evaluate the impacts of 
setting water fee as a sustainable strategy in China’s power sector. 
3. Result  
3.1. Water demand by subsectors 
Figure 2 (a) shows that China’s total water demand will increase from 602 billion m3 in 2010 to 688 
billion m3 in 2030, and then steadily decrease to 650 billion m3 in 2050. Different subsectors show 
different trends during the planning period 2010-2050. For the agriculture sector, with the improvement 
of agriculture irrigation efficiency and the gradually stable of food demand, the water demand will keep 
decreasing, from 369 billion m3 in 2010 to 320 billion m3 in 2050, and the share of water demand will 
decrease from 62.0% to around 50.0%, but still be the dominant water user. For the power sector, with the 
increasing of electricity demand, the water demand will keep increasing during 2010-2050, and the share 
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of water demand will increase from 6.0% to 13.0%, during the same period. For the industry sector, the 
water demand will first increase then decrease, and the peak year is around 2020 and the peak demand is 
about 115 billion m3. For the resident sector, with the improvement of living standard and the expanding 
of urbanization population, the water demand will keep increasing during 2010-2050. In 2050, the water 
demand in resident sector is about 200 billion m3 and be the main driver for China’s water demand. For 
the primary energy and ecological related water demand, they will keep increasing during 2010-2050, but 
the share is still very low. 
Figure 2 (a) The water demand by subsectors (billion m3) Figure 2 (b) The water demand in power sector (billion m3) 
3.2. Impact of water constraints on water demand in power sector 
Figure 2 (b) presents the power sector’s water demand under three scenarios during 2010-2050. Under 
the RES scenario, the electricity demand is expected to increase from 4,180 Twh in 2010 to 12,450 Twh 
in 2050, and the water demand in power sector is estimated to increase from 43.2 billion m3 to 93.5 
billion m3 during the same time period, i.e., at an average growth rate of 2.8% and 2.0%, respectively. It is 
observed that coal- and nuclear-based power plants are two main water users in power sector, followed by 
other generation types, such as gas-, oil-based, and renewable power plants. The coal-fired power plants 
use 85.0% of water, 68.0% in 2020, 60.0% in 2030, and 52.0% in 2050, and nuclear power plants account 
for 8.0% in 2010, 18.0% in 2020, 25.2% in 2030, and 35.4% in 2050. As the coal- and nuclear-based 
power generation are two of the most water-intensive technologies, the introduction of water fee will 
result in an increased production cost of water withdrawal based power generation technologies (thermal, 
nuclear, and biomass, etc.), which can lead to a change in power generation structure and a reduction of 
water demand in power sector.  
It is observed that the higher water fee, the more significant effect on water saving in power sector. 
Figure 2 (b) shows that the water demand in China’s power sector will increase from 43.2 billion m3 in 
2010 to 80.3 billion m3 (WF1), and 76.5 billion m3 (WF2) in 2030, to 85.2 billion m3 (WF1), and 68.4 
billion m3 (WF2) in 2050. During 2010-2020, the water saving is limited because of the long lifetime 
period (>30 years) of power generation plants, the generation structure will not change a lot in the short 
term. But since 2030, the water demand in power sector is obviously lower in water fee scenarios than the 
reference scenario. Under the WF1 scenario, the coal-fired power plants use 56.8% of water in 2030, and 
45.2% in 2050, and nuclear power plants account for 21.2% in 2030, and 30.8% in 2050. Under the WF2 
scenario, the coal-fired power plants use 50.4% of water in 2030, and 41.8% in 2050, and nuclear power 
plants account for 18.8% in 2030, and 26.8% in 2050.  
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3.3. Impact of water constraints on generation portfolio 
Figure 3 illustrates the power generation structure under three scenarios by presenting the share of 
electricity generation in 2020, 2030, 2040, and 2050. Common on all three scenarios in 2020, coal-based 
power plants are particularly important, accounting for nearly 68.0% of the total power generation. This is 
the same trend of current generation structure. However, its further evolution depends on technology 
maturity and the price of water fee. It is observed that water fee will have significant effect on the power 
generation portfolios since 2030. Under the RES scenario, the share of coal-fired power generation will 
decrease from 78.0% in 2010 to 64.2% in 2030, and to 60.4% in 2050; while under the water fee 
scenarios, the share will decrease to 63.8% (WF1) and 62.6% (WF2) in 2030, to 56.7% (WF1) and 49.6% 
(WF2) in 2050. Under the reference scenario, the share of renewable power will keep increasing during 
2010-2050, but the share is very low, while under the two water fee scenarios, the renewable power will 
account for 25.8% (WF1) and 33.0% (WF2) in 2050. Other power generation has limited change under 
the water fee scenarios. 
 
Figure 3 Comparisons of power generation mix among three scenarios (%)
4. Conclusion 
This paper has analyzed the effect of selected water fees on water demand and generation portfolio in 
China’s power sector, by using the China TIMES-Water model. 
It is observed that the water demand will first increase then decrease during 2010-2050, and the peak 
year is around 2030 and the peak demand is about 688 billion m3. The water demand in agriculture sector 
will keep decreasing, while in industry sector and primary sector will first increase then decrease, and the 
resident sector and ecological water demand will keep increasing during 2010-2050. The water 
withdrawal in power sector will keep increasing, and the water demand will concentrate in the coal-fired 
power and nuclear power sector. The water issue will be an important challenge to China’s power sector. 
The coal-fired plants are the dominant electricity generation technologies in all scenarios followed by 
hydro and nuclear power plants in the later period (2030-2050). The introduction of water fee will reduce 
the water demand in power sector and affect the power generation structure significantly, from high water 
coefficient technologies to low or zero water coefficient technologies. Their impact seems to be limited in 
the short term, but significant effective in the long run.  
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